Objective Endoscopic papillectomy (EP) has been recognized to be a safe and reliable treatment modality for ampullary adenomas. The purpose of this study was to determine the safety and efficacy of endoscopic piecemeal resection for laterally spreading ampullary adenomas and to compare these findings with a control population of smaller conventional ampullary tumors treated in the same time period. Methods Between May 1999 and September 2015, 136 patients underwent EP at Tokyo Medical University hospital. A total of 125 patients underwent en bloc resection, and 11 patients underwent piecemeal resection. Results The final pathological diagnoses were 103 adenomas, 14 carcinomas in adenomas, 4 carcinomas, and 4 hyperplasia in the en bloc resection group, versus 7 adenomas, 3 carcinomas in adenoma, and 1 carcinomas in the piecemeal resection group. A single treatment session was possible in 104 (83.2%) of the 125 patients in the en bloc resection group and in 8 (72.7%) of the 11 in the piecemeal resection group. The total resection rate including additional treatments was 98.4% in the en bloc resection group and 100% in the piecemeal resection group. Conclusion Piecemeal resection for laterally spreading ampullary adenomas was sufficiently performed compared with en bloc resection.
Introduction
Adenomas of the papilla of Vater, also known as ampullary adenomas, can emerge sporadically or in the context of genetic syndromes such as familial adenomatous polyposis. These lesions have the potential to undergo malignant transformation to ampullary carcinoma and should be considered for resection (1, 2) .
Ampullary adenomas have historically been treated surgically. Although surgical management often allows complete removal, it is associated with morbidity, including postoperative anastomotic dehiscence and fistula in up to 9% and 14% of patients, respectively, and mortality rates ranging from 1% to 9% (3) (4) (5) .
Endoscopic papillectomy (EP) has been recognized to be a safe and reliable treatment modality for ampullary adenomas (6) (7) (8) (9) (10) . Therefore, EP appears to be useful as a method for performing a total biopsy and as an alternative procedure to surgical resection for the treatment of ampullary adenomas. However, many authors recommend surgical resection for larger lesions (>30 mm) and those with significant extrapapillary extension (11) (12) (13) (14) (15) .
The aim of this study was to determine the safety and efficacy of endoscopic piecemeal resection of laterally spreading ampullary adenomas and compare these findings with a 
Materials and Methods
Between May 1999 and September 2015, 136 patients underwent EP at Tokyo Medical University Hospital. Our indications for EP were follows: 1) lesions <4 cm in size (mostly ! 3 cm), 2) no evidence of malignancy based on endoscopic appearance (no ulceration, no excessive friability) and soft consistency, 3) benign histologic findings on a forceps biopsy, and 4) the absence of extension into the pancreatic duct or biliary duct. For laterally spreading ampullary adenomas, we proposed endoscopic piecemeal resection for patients who refused surgical resection.
This study was approved by our Institutional Review Board (No. 3521), and informed consent was obtained from all individual participants included in this study.
Piecemeal resection technique for laterally spreading ampullary adenomas ( Figure) EP was performed with a duodenoscope with a large working channel (4.2 mm in diameter) and a spiral snare (20 mm, Spiral Snare; Olympus Medical Systems, Tokyo, Japan) with a microprocessor-controlled electrosurgical generator (ICC200; ERBE ElektromedizinL, Tubingen, Ger- many). The output was set for Endocut mode, effect 3 (output limit 120 W), and soft coagulation (output limit 30 W).
The en bloc removal of laterally spreading ampullary adenomas appeared to be difficult or impossible (Figure a) . Before piecemeal resection, submucosal injection of indigo carmine dye was usually performed to elevate the extrapapillary lesions ( Figure b) . These lesions were then removed using a spiral snare from the anal side to the oral side (Figure c) . Finally, the main lesion of ampullary adenoma was removed using the standard en bloc technique without submucosal injection (Figure d ). To avoid the loss of the resected specimen, we grasped the specimen using net forceps (Figure e) and removed the endoscope immediately to prevent any damage to the specimen and thereby allow for a more accurate pathological diagnosis. We did not place a biliary stent and instead performed endoscopic biliary sphincterotomy (Figure f). We did place a pancreatic duct stent to avoid obstructive pancreatitis due to EP (Figure g ). Usually, straighttype 5-Fr diameter and 5-to 7-cm-long pancreatic duct stents with double flanges were used. We then intentionally performed sufficient endoscopic closure of the mucosal defect, particularly at the anal side of cutting, after EP using an endoscopic hemoclip (Resolution™; Boston Scientific Japan, Tokyo, Japan) to prevent hemorrhaging (Figure h ).
After EP, all resected specimens were recovered for a histological evaluation, and the tumor size was determined using the endoscopic specimens before formalin fixation (in piecemeal resection cases, the size was determined using endoscope field-of-view measurement).
Follow-up
Follow-up duodenoscopy was performed one to three months later. Potential areas of adenoma recurrence underwent a biopsy followed by endoscopic resection preferentially or ablation with argon plasma coagulation if resection was not possible.
Statistical analyses
Statistical analyses were performed using the StatMate III software program (ATMS, Tokyo, Japan). Normally distributed data were presented as the means±standard deviation (SD). A p value <0.05 was considered to indicate a statistically significant difference.
Results
One-hundred and thirty-six patients with papillary adenomas were referred for consideration of endoscopic papillectomy. Of these patients, 125 underwent en bloc resection, and 11 underwent piecemeal resection. The characteristics of the patients and the technical results are shown in Table 1 .
En bloc resection
The man-to-woman ratio with en bloc resection was 77: 48, the mean age was 62.7±13.1 years (range, 20-86 years), and the mean tumor diameter was 15.6±6.4 (range, 6-35) mm. The final pathological diagnoses were 103 adenomas, 14 carcinomas in adenoma, 4 carcinomas, and 4 hyperplasia. A single session of treatment was possible in 104 (83.2%) of the 125 patients. Additional treatment was required for the remaining 21 (16.8%) patients. For these 21 patients, the post-resection pathological diagnoses were 19 adenomas, 1 carcinoma in adenoma, and 1 carcinoma. Both the carcinoma in adenoma and carcinoma had vein insults that required surgical operation. Pancreaticoduodenectomy was performed in one patient, while the remaining patient was not indicated for surgery due to comorbidity.
The total resection rate including additional treatments was 98.4%.
Piecemeal resection
The man-to-woman ratio with piecemeal resection was 5: 6, the mean age was 61.3±11.5 years (range, 35-77 years), and the mean tumor diameter was 26.8±6.6 (range, 15-35) mm. The final pathological diagnoses were seven adenomas, three carcinomas in adenoma, and one carcinomas. A single session of treatment was possible in 8 (72.7%) of the 11 patients. Additional treatment was required for the remaining 3 (27.3%) patients. None required additional surgical operations. The total resection rate including additional treatments Table 2 .
Complications
The procedure-related complications are described in Table 3. In en bloc resection, we found 21 cases of hemorrhaging (16.8%), 11 cases of acute pancreatitis (8.8%), 3 cases of acute cholangitis/cholecystitis (2.4%), and 5 cases of perforation (4%) as early complications, along with 5 cases of papillary stenosis resulting from biliary and/or pancreatic duct obstruction caused by fibrosis after endoscopic resection (4%) as a late complication among the 125 cases. In piecemeal resection, we found 2 cases of hemorrhaging (18.2%) and 1 cases of acute pancreatitis (9.1%) as early complications, along with 1 cases of papillary stenosis (9.1%) as a late complication among the 11 cases. Perforation and cholangitis/cholecystitis were not observed.
Discussion
The results of this study clearly show that piecemeal resection of laterally spreading ampullary adenomas is as safe and effective as en bloc resection. Therefore, piecemeal resection is a viable alternative to en bloc resection for laterally spreading ampullary adenomas. Most ampullary adenomas can be successfully removed in a single session using the combination technique of endoscopic mucosal resection and papillectomy.
In terms of residual tumor, complete endoscopic resection of the ampullary tumor is defined as the absence of an endoscopically visible and histologically proven residual tumor for a follow-up of three to six months (16, 17) . In this study, we treated lesions that were detected during one to three months of follow-up as a residual tumor. In the piecemeal resection group, all residual tumors were able to be treated with snare resection, removal with biopsy forceps, or thermal ablation by argon plasma coagulation. Although there was no significant difference in the rate of residual tumors between the two groups, the rate in the piecemeal resection group (27.3%) was higher than in the en bloc resection group (16.8%) in the present study. Furthermore, the residual mucosa tended to be found in proportion to the number of piecemeal resections in a single procedure, as shown in Table 2 . As such, the number of resections should be reduced as much as possible, and careful follow-up by endoscopic observation and a tissue biopsy is necessary for patients who undergo many piecemeal resections in a single procedure.
Regarding complications, bleeding, pancreatitis, and perforation carry a higher risk of a fatal outcome than cholangitis/cholecystitis or papillary stenosis, which can be easily managed with endoscopic drainage (18, 19) . Bleeding is the most common complication, with rates of 0% to 25% reported in previously published studies (17) . One of those reports described the rate of bleeding after endoscopic removal of large ampullary adenomas (>30 mm) as 10.3% (20) . In the present study, bleeding occurred in 16.8% of patients undergoing en bloc resection and in 18.2% of patients undergoing piecemeal resection, with no marked difference between them. In piecemeal resection, the resection area is larger and the exposure to digestive juice greater than with en bloc resection, making bleeding more likely to occur. Therefore sufficient endoscopic closure of the mucosal defect might prevent bleeding in cases with a large resection area.
However, pancreatitis is the most problematic complication. Placement of a prophylactic pancreatic duct stent is highly recommended in order to reduce the risk of pancreatitis (21, 22) . The rate of pancreatitis after EP was 8.8% in the en bloc resection group and 9.1% in the piecemeal resection group in this study. Most cases of pancreatitis were mild to moderate and were able to be managed by conservative therapy. Serious pancreatitis was observed in one patient in the en bloc resection group in whom a pancreatic stent was placed. Piecemeal resection seems not to be associated to pancreatitis.
Perforation was observed in 5 (4%) patients in the en bloc resection group, including 1 with serious pancreatitis as described above. All of these cases were retroperitoneal perforation, and the four aside from the serious pancreatitis case were improved solely by temporary endoscopic nasobiliary drainage tube placement. In contrast, there were no cases of perforation in the piecemeal resection group. Before piecemeal resection, submucosal injection was usually performed to elevate the extrapapillary lesions, which may have helped prevent perforation even if large lesions were being resected.
In general, the treatment of laterally spreading ampullary tumors requires a high endoscopic resection technique. However, in the current study, the piecemeal resection group developed no perforation, and the outcomes were not inferior to those in the en bloc resection group. Two reasons are suggested for this: 1) many cases underwent piecemeal resection in the later years after EP induction, and 2) experienced endoscopists tended to perform piecemeal resection more frequently than inexperienced endoscopists. For these reasons, piecemeal resection for laterally spreading ampullary adenomas should be performed at high-volume centers.
An important point to consider is whether or not to perform endoscopic closure of the mucosal defect using an endoscopic hemoclip after piecemeal resection. The present study showed that piecemeal resection tends to require additional endoscopic treatment more frequently than en bloc resection because of the high residual tissue rate. In addition, some ampullary tumors are identified as carcinoma only after endoscopic resection. Therefore, as measures against hemorrhaging after piecemeal resection, it might be safer to perform careful follow-up by endoscopic observation without endoscopic closure of the mucosal defect until the longterm recurrence rate after piecemeal resection is clarified.
The limitations of this study were its retrospective nature, the lack of a control group, the small case series, and the single-center nature of the experience.
In conclusion, the present study showed that piecemeal resection for laterally spreading ampullary adenomas was not inferior to en bloc resection in the short-term complication rate or short-term recurrence rate. However, although we were able to achieve complete resection of the residual tumor with additional endoscopic treatment, the mediumand long-term recurrence rate remains unclear. These later outcomes will need to be determined in the near future in order to establish piecemeal resection for laterally spreading ampullary adenomas as a viable alternative procedure to surgical resection.
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